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MULTI-MODE SHUTDOWN SYSTEM FOR A FUEL METERING UNIT 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The subject invention is directed generally to a shutdown system for controlling 
the fluid flow from a fuel metering unit to an engine, and more particularly, to a shutdown 
system associated with an aircraft engine that can quickly provide either a minimum flow of fuel 
to the engine or a complete shutdown of fuel delivery in response to an overspeed condition. 

2. Background of the Related Art 

[0002] Modern aircraft engines function under operating conditions that often include 
harsh extremes of weather and performance demands. Under such circumstances, engine 
malfunction can occur. For example, an engine may increase in speed in an uncontrolled 
manner, i.e. an overspeed condition. If unremedied, an overspeed condition can cause an engine 
to fail resulting in loss of control and catastrophe for the aircraft. As a result, designers have 
incorporated shutdown systems in the fuel pump control system to stop fuel delivery to the 
engine and, in turn, shut down the engine to maintain safety and control. Typically, a shutdown 
system employs a fast acting solenoid or other well-known means. For examples, see U.S. 
Patent Nos.: 6,508,225; 5,435,718; and 5,357,935, which are incorporated herein by reference in 
their entirety. 

[0003] In certain conditions a complete shutdown of the engine may not be the best 
possible solution. Stopping the undesirable behavior of the engine while maintaining the engine 
in an operational state would allow the pilot an opportunity to have improved control of the 
aircraft. If the improved control is not achieved, the complete shutdown of the malfunctioning 
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engine could then be implemented. In view of the above, it would be desirable to provide a 
shutdown system for a fuel metering unit which has two available modes of shutdown, one mode 
would be a minimum fuel flow condition to maintain the engine in an operational state and 
another mode would be a zero fuel flow condition for a total engine shutdown. 
SUMMARY OF THE INVENTION 

[0004] In accordance with a preferred embodiment of the subject invention, the 
advantages of the present disclosure are accomplished by employing a multi-mode shutdown 
system for use with a fuel metering unit of an engine. The system includes a shutoff valve 
operative to selectively block an output of the fuel metering unit and a shutdown solenoid in 
fluid communication with the shutoff valve for selectively closing the shutoff valve. An orifice 
creates a minimum flow from the output of the fuel metering unit and a minimum flow solenoid 
is in fluid communication with the minimum flow for selectively blocking a minimum flow path 
for the minimum flow to the engine. During a normal operation mode, the shutdown solenoid 
opens the shutoff valve and the minimum flow solenoid blocks the minimum flow path to the 
engine such that the engine receives the output of the fuel metering unit. During a shutdown 
mode, the minimum flow solenoid blocks the minimum flow path to the engine and the 
shutdown solenoid closes the shutoff valve such that the shutoff valve blocks the output of the 
fuel metering unit to stop fuel flow to the engine. During a minimum flow mode, the shutdown 
solenoid closes the shutoff valve, and the minimum flow solenoid opens such that the minimum 
flow passes to the engine via the minimum flow path. 
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[0005] It is an object of the present disclosure to provide a system that can rapidly 
shutdown fuel flow to an engine or rapidly create a minimum fuel flow condition to prevent 
catastrophic failure from engine malfunction. 

[0006] It is an object of the present disclosure to provide a multi-mode shutdown system 
that can be retrofit onto existing fuel metering units. 

[0007] It is another object of the present disclosure to provide a regulated substantially 
minimum flow to the engine during minimum flow operation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] So that those having ordinary skill in the art to which the subject invention 
appertains will more readily understand how to make and use the same, reference may be had to 
the Sole Figure wherein: 

[0009] The Sole Figure is a schematic representation of a fuel metering unit integral with 
a multi-mode shutdown system in accordance with a preferred embodiment of the subject 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBDOMENTS 

[0010] Referring now to the Sole Figure, there is illustrated a schematic representation of 
a multi-mode shutdown system integral with a fuel metering unit of an aircraft engine in 
accordance with the subject invention. For clarity throughout the following description, arrows 
are shown in the Sole Figure to indicate the direction in which the fuel flows and an annotated 
letter "P" is shown to indicate a pressure at certain locations. All relative descriptions herein 
such as left, right, up, and down are with reference to the Sole Figure and not meant in a limiting 
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sense. Additionally, for clarity common items such as filters have not been included in the Sole 
Figure. 

[001 1] The multi-mode shutdown system affects operation of the fuel metering unit when 
the engine receiving fuel malfunctions. As a result of the malfunction, modified operation or 
shutdown is utilized to maintain safe operation of the aircraft. The multi-mode shutdown system 
includes a total shutdown mode to prevent fuel flow to the engine to shutdown the engine. The 
multi-mode shutdown system also includes a minimum flow mode of operation with fuel 
provided at a minimal flow rate to prevent overspeeding, yet maintain the engine in an 
operational state. In the minimum flow mode, the multi-mode shutdown systems establishes a 
flow path for fuel to the engine manifold at the minimum flow rate. During normal operation, 
the fuel metering unit regulates the fuel flow to the engine in a manner known to those of 
ordinary skill in the pertinent art. 

[0012] The fuel metering unit has a positive displacement pump assembly 10 that 
receives fuel flow at an inlet pressure Paf, and delivers fuel flow at an output pressure P F . The 
pump 10 has a housing 12 that defines an inlet 14 and an outlet 16. Two gears 18 within the 
housing 12 rotate to generate increased fuel flow. At the elevated flow rate, any resistance in the 
shutdown system or fuel metering unit results in an elevated pressure thereafter. The pump 10 
has a spline drive 20 for transmitting torque. 

[0013] A main metering valve assembly 30 is disposed between the pump 10 and engine 
(not shown) for providing fuel to the engine at a selected rate and pressure P N . In a preferred 
embodiment, the main metering valve 30 is a metering and shutoff valve that is controlled by 
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two stepper motor assemblies 32 with dual rotational variable displacement transducers 34 
(hereinafter "RVDT"). The RVDTs 34 monitor the position of the stepper motor assemblies 32 
and provide a signal to an electronic engine controller (not shown). The housing 40 of main 
metering valve 30 forms an inlet 44 for receiving fuel at pressure Pp and an outlet 46 where fuel 
exits at pressure Pm- The two motor assemblies 32 control the position of a disc 36 within a 
housing 40 to selectively vary the fuel passing therethrough or stop flow altogether. 

[0014] Typically, the main metering valve 30 would be utilized to stop fuel flow during a 
normal shutdown. A bleed outlet 42 in the housing 40 provides a source of fuel for bleed 
actuators and the like. Main metering valve 30 receives fuel via inlet 44 at pressure P F and the 
fuel exits via outlet 46 at pressure P M . Although the main metering valve 30 can shutdown flow 
through the fuel metering unit, it is envisioned that the response time is inadequate for remedying 
an engine overspeed condition prior to catastrophic failure. Suitable main metering valves are 
well known in the art and a variety of metering valves may be utilized as long as the selected 
valve performs the function of selectively varying the amount of fuel passing therethrough. 

[0015] A head regulator valve assembly 50 is in fluid communication with the main 
metering valve 30 and the pump 10 for maintaining a pressure differential across the main 
metering valve 30. The pressure differential is equal to (Pf-Pm). A housing 52 of the head 
regulator 50 defines a first inlet 54 for receiving fuel at pressure Pp from the pump 10, and an 
outlet 56 connected to the low reference pressure Paf- A second inlet 58 formed in the head 
regulator housing 52 is operatively connected to the output 46 of the main metering valve 30 via 
a bypass line 68. A relief valve assembly 70 is connected between the first inlet 56 of the 
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regulator housing 52 and the outlet 16 of the pump housing 12 for preventing pressure P F from 
exceeding desired levels. The head regulator 50 and relief valve 70 are well known in the art 
and, therefore, not further described herein for simplicity. 

[0016] After the fuel passes through the main metering valve 30 and before the fuel 
passes to the engine, the fuel passes through a pressurizing/shutoff valve assembly 80, A 
housing 82 of the shutoff valve 80 defines an inlet 84 for receiving fuel at pressure P M and an 
outlet 86 connected to the engine. The shutoff valve 80 provides resistance to flow such that the 
pressure P F is normally greater than P A f thus allowing flow through head regulator 50. A second 
inlet 88 of the housing 82 receives a reference pressure line 90 for controlling the pressure P 0 s 
and, thereby, a valve spool 92 within the housing 82. A spring 94 biases the valve spool 92 
upwards to a normally closed position. 

[0017] A shutdown solenoid assembly 100 is in fluid communication with the output 46 
of the metering valve 30 at pressure P R via an inlet 104 formed in the solenoid housing 102. The 
solenoid housing 102 also forms an outlet 106 connected to the shutoff valve 80 via the reference 
pressure line 90, as well as a second outlet 108 connected to the second inlet 58 of the regulator 
housing 52. The shutdown solenoid 100 can actuate to vary the pressure in the reference 
pressure line 90 as well as the pressure present at the second inlet 58 of the regulator housing 52. 
In a preferred embodiment, the shutdown solenoid 100 has an electrical actuating mechanism 
1 10 that controls the setting of the solenoid 100 by moving a position of a plunger 112 within the 
solenoid housing 102. A spring 1 14 is provided within the solenoid housing 102 to provide a 
biasing force against the plunger 1 12. A minimum flow orifice 116 limits the fuel flow between 
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flow orifice 116 charges fine pressure of me M flowing thereflnoogh. 
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reference pressure P a f to the reference pressure line 90, i.e. the inlet 88 of the shutoff valve 80. 
By the plunger 132 being downward, the fuel at pressure Paf allows the valve spool 92 to move 
downward such that the metered fuel output is provided to the engine, 

[0020] An engine malfunction may occur and a minimum flow mode may be desired in 
an effort to prevent engine overspeed and the like, while maintaining the engine in an operational 
condition. To accomplish this minimum flow mode, the plunger 1 12 of the shutdown solenoid 
100 is set upward to create a flow path between the reference pressure line 90 and the fuel 
flowing through the minimum flow orifice 116. The plunger 132 of the minimum flow solenoid 
120 is set upward to create a minimum flow path between the engine and the reference pressure 
line 90. The fuel at pressure P M flows through the minimum flow orifice 1 16 to become the 
minimum flow. Thereafter, the minimum flow passes through the shutdown solenoid 100 via 
inlet 104 and outlet 106. At pressure P 0 s in line 90, the minimum flow passes into inlet 124 of 
the minimum flow solenoid 120. The plunger 132 of the minimum flow solenoid 120 routes the 
minimum flow through the outlet 126 of the minimum flow solenoid 120 to the engine. 

[0021] The minimum flow orifice 1 16 is sized and configured to provide the desired 
minimum flow and the head regulator 50 maintains a fixed pressure differential across the 
minimum flow orifice 1 16. Hence, the minimum flow is metered and regulated. The elevated 
pressure Pos in line 90 causes spool 92 to move upward in the housing 82 and close off the 
normal operation flow path for fuel to the engine. Preferably, the metering valve 30 provides a 
relatively large opening compared to the minimum flow orifice 1 16 to insure accurate operation. 
During minimum flow mode, the fuel flow to the engine is quickly reduced by the fast actuation 
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of the solenoids 100, 120 and shutoff valve 80. Thus, the engine may remain operational and be 
brought under control. 

[0022] It is envisioned that at altitude, the minimum flow mode may not result in 
containment of the emergency and total shutdown may be necessary. To accomplish a shutdown 
mode, the plunger 1 12 of the shutdown solenoid 100 is actuated upward and the plunger 132 of 
the minimum flow solenoid 120 is actuated downward. A flow path from the metered output of 
the main metering valve 30 to the low reference pressure P A f at outlet 128 of the minimum flow 
solenoid 120 is established. The pressure Pos in reference pressure line 90 is elevated as a result 
of the pressure increase across the minimum flow orifice 116 such that spool 92 moves upward 
in housing 82 to close fuel flow through the shutoff valve 80. Hence, the fuel flow path to the 
engine is closed and the malfunctioning engine will cease to operate. 

[0023] The minimum flow orifice 1 16 creates a sufficient interim pressure Pos to always 
close the shutoff valve 80 when the plunger 1 12 of the shutdown solenoid 100 is actuated 
upward. During shutdown mode, the head regulator 50 continues to regulate the pressure 
differential across the main metering valve 30 and minimum flow orifice 116. As necessary, the 
head regulator 50 will open to allow pressure to pass into line 140 having the low reference 
pressure P A f therein to prevent the relief valve 70 from being overloaded. 

[0024] In summary, the shutdown solenoid 100 and minimum flow solenoid 120 are used 
to remedy a malfunctioning engine by creating either a minimum fuel flow shutdown mode or a 
total engine shutdown mode. The shutdown solenoid 100 actuates to close the shutoff valve 80 
and the minimum flow solenoid 120 determines whether or not an alternative minimum flow 
path to the engine is created. It would be appreciated by those of ordinary skill in the art that 
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other types of pumps, valves, regulators and solenoids, similarly and differently arranged, would 
perform acceptably well within alternative embodiments of the subject invention and are, 
therefore, considered mere design choices. It will be appreciated by those of ordinary skill in the 
pertinent art that a control system would interact with the multi-mode shutdown system and the 
aircraft to implement the switching signals and operation as described above. 

[0025] While the subject invention has been described with respect to preferred 
embodiments, those skilled in the art will readily appreciate that various changes and/or 
modifications can be made to the invention without departing from the spirit or scope of the 
invention as defined by the appended claims. 
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